NOAA National Status and Trends Mussel Watch Report indicate the Delaware Bay has regionally medium levels of Cd and high levels of Pb. Environment New Jersey, a non-profit environmental group, reported the Delaware River, providing drinking water to millions, as the fifth most-polluted river in the country. These concerns resulted in this study monitoring water quality conditions near a wastewater facility in Delaware. Physical water quality parameters were measured, along with heavy metals Cd and Pb. Mean metal levels were consistently low at the wastewater discharge (1.3 µg/L Cd, 5.1 µg/L Pb), and high at the control location (9.2 µg/L Cd and 11.5 µg/L of Pb). Relationships were observed between heavy metals, salinity and pH levels. Results suggest water treated by the facility does not pose heavy metal contamination risks to the Lewes Rehoboth Canal. Further studies are warranted to seek heavy metal sources at the control point, farthest from the waste water treatment facility.
Introduction
Water is the foundation of life on Earth [1] , and there is only one water supply, when taking the hydrologic cycle into account [2] . Studies on road dust sediment (RDS), report its propensity to be infused with heavy metals from wet and dry atmospheric deposition [3] [4] [5] . RDS has been considered as a potential runoff contributor to heavy metals in the aquatic ecosystems [6] . In this study, a waste water treatment plant and the surrounding receiving waters of a tidal canal/estuarine system are investigated to check if the elements in the waterway are associated with the treatment facility or are because of RDS and other sources.
The National Oceanic and Atmospheric Administration (NOAA) monitors levels of heavy metals in the United States waters using mussels and oysters all around the nation's coasts, and comprises these levels in the Mussel Watch Report [7] . According to this report, Delaware has regionally medium levels of cadmium (Cd) and regionally high levels of lead (Pb) [7] . The U.S. Geological Survey [8] and others report that wastewater treatment and industrial facilities are potential sources for heavy metals in aquatic systems [9] [10] . In this study, Cd and Pb are monitored because the U.S. Environmental Protection Agency [11] states that Cd and Pb can both cause health problems when ingested, as in the case of water, a mobile resource. [12] . Through many years of upgrades, the discharge location is still being required to be removed from the Lewes and Rehoboth Canal by 2018 due to high nutrient content, and is being considered to be moved to an ocean discharge instead of the canal [13] .
Materials and Methods
Water quality observations and data collection were performed on and near this water treatment plant. Water samples were collected for heavy metal analyses Figure 1 . Wastewater treatment process: biological nutrient removal and chemical phosphorus removal [14] . from locations at the discharge effluent pipe and sites proximal to the discharge effluent pipe. The possibility of rainfall events in relation to road dust sediment (RDS) was also considered as potential source for heavy metals in the water. So, rainfall events were also examined during the sampling period.
Study Locations
Sample locations were selected as follows: one location directly at the municipal wastewater treatment facility discharge (Location 5), one location seven meters in front of the discharge, where the discharge water is received directly into the brackish tidal canal (Location 2), two more locations, each approximately fifty meters from the effluent on both the northern (Location 1) and southern side (Location 3), and a control location near the end of the canal (Location 4), approximately 800 meters away from the discharge, in proximity to the mouth of the Rehoboth Bay ( Figure 2 ). Water samples were collected weekly in the summer months and bi-weekly in the fall and winter months of 2011, for the period of thirteen months. All samples were analyzed in triplicate to ensure data accuracy.
On-Site Water Quality Measurement
The YSI 556 hand held Multiprobe (YSI Inc., Yellow spring, OH) was utilized in the field for monitoring physical water quality parameters such as temperature, total dissolved solids (TDS), salinity, dissolved oxygen (DO) and pH. The YSI instrument was calibrated monthly, using calibration standards and procedures according to the instructions provided by the manufacturer. Temperature is recorded as the measure of warmth or coldness of the water in degrees C. Total Figure 2 . Location 5 is separate because this location is the effluent pipe at the wastewater plant. Location 2 is where Location 5 discharge waters are received into the tidal canal.
Dissolved Solids (TDS) are a measure of all of the organic and inorganic substances contained in a liquid, either in molecular, ionic, or microscopic soil particles [15] . Whereas, salinity is the measurement of how much salt is present in an aqueous solution [16] and dissolved oxygen (DO) was recorded from the instrument in the form of percent saturation. pH recorded in this study is a quantification of the molar concentration of the hydrogen ion in solution [17] .
Water Sampling for Heavy Metal Analysis
Heavy metal sampling protocols followed EPA Method 1669, to avoid contamination in collection and storage of water samples. The 250 mL sample containers (Thermo Scientific™ Wide-Mouth Short-Profile Amber Glass Jars), which are certified to meet or exceed EPA performance-based standards, were used. Samples were collected by directly submersing bottles into the water and facing upstream of a clean, metal-free kayak, depending upon tidal direction at the time of collection. Sample bottles were inserted into clean storage bags upon collection, and placed in a clean cooler filled with ice for sample storage and transported to the laboratory. In order to minimize sample contamination, the samples were preserved in 0.1% HNO 3 (v/v) to bring the sample pH below 2, and this process was carried out within 12 hours of sample collection.
Processing of Water Samples for Heavy Metal Analyses
Heavy metal samples were prepared and digested using EPA Method 1637, and analyzed in a Perkin Elmer Graphite Furnace Atomic Absorption Spectrophotometer (GFAAS) (AANALYST 600, Shelton, CT) which utilizes single element hollow cathode lamps. A well-mixed, homogenous 20 mL aliquot of each sample was first checked with a pH meter to ensure pH < 2, then placed into a 50 mL Fisherbrand™ graduated conical-bottom tubes. Aliquots were heated in a water bath at approximately 85˚C, and caution was exercised to keep samples covered, maintaining sample integrity, at the same time providing for evaporation. The transpired aliquots were heated until an approximate volume of 2 mL was left in the tube. Samples were then cooled, and water (Fisher Scientific UltraPure™) was added to bring the sample volume to 10 mL, pH was then tested to ensure pH remained less than 2. Tubes were then capped and stored overnight to allow any undissolved materials to settle. Before analysis the GFAAS was calibrated using standards specifically for each heavy metal. Stock standards in 1% nitric acid containing 1000 mg/L of the heavy metals (cadmium, lead and arsenic) were 
Statistical Analysis
Microsoft Excel (2010) was used to calculate mean, median, and standard deviation, figures and tables were prepared using Microsoft Excel (2010, Redmond, Washington). Reviews of heavy metal data in relation to one another were analyzed using the two-sided t-test. Multivariate analysis was performed on the heavy metal and the physical water quality data to observe the relationships between these variables. Before performing the analysis, the raw data from heavy metals and water quality were normalized and Principal Component Analysis (PCA) was performed using PRIMER 6 program (Primer-E Ltd, Plymouth, UK).
Significant environmental variables which had influenced the water quality of the study sites were also identified using PCA.
Results and Discussion

Physical Water Quality
Field monitoring results included temperature, dissolved oxygen, pH, salinity, and total dissolved solids for the months June 2011 through August 2012. Temperature displayed expected temporal trends that indicate changes in season.
The mean temperature in summer 2011 was 27.5˚C, while it was 7.9˚C in winter
2011. An exception to seasonal variation was recorded at location 5 (waste water discharge location), where temperatures consistently remained somewhat higher than the other locations (10.73˚C in winter 2011). Dissolved oxygen of a healthy aquatic ecosystem in this temperature range can be sustained at anywhere from 60 -120 percent saturation [18] .
The locations all hovered below the 60 th percentile in the summer months, where high algal production can cause somewhat eutrophic conditions [17] .
More than half of the sampling distributions of all locations were well within the healthy TDS limits and with levels almost zero at the discharge location. While other locations had higher means ranging from 22.25 -28.04 g/L (Figure 3 ), which may be because of the normal mixing in the water column. Total Dissolved Solids are considered as secondary drinking water contaminants, a non-mandatory guideline to help manage aesthetic drinking water quality by the USEPA, and as such, the limits do not apply to the brackish water found in this canal. Salinity levels at the wastewater discharge location are found to be 0 ppt.
All other location means are between 21.80 -27.71 ppt (Figure 4 ), seawater has approximately 30 -40 ppt [16] . This estuary is below these levels due to freshwater input, and these waters can be classified as brackish. Healthy pH levels for an aquatic ecosystem are between 6 and 9 [19] . All locations had pH levels within this range (Table 1) , although the numbers get closer to 8 in the winter months, and stay closer to 6.5 in the summer months with increased land use activities in the area (Table 1 ). Principal Component Analysis (PCA) was performed to study relationships between the variables. PCA analysis identifies that PC1 and PC2 axes have captured about 81% of the variation in the data. PCA results show that clear differences can be observed in the study months ( Figure 5(a) ). Samples collected during summer are high in salinity and total dissolved solids (TDS) which is quite expected because of increased water use activities, while some of the winter samples had high pH levels.
PCA plot of the water quality for the study years 2011 and 2012 ( Figure 5(b) ) shows that water samples monitored during these years were not much different. But the winter samples from 2012, belonging to locations 3 and 4 had higher pH values. There are some differences in the study locations and site 5 clearly stands apart from other locations. Site 5 is the location where the water is streaming directly from the present effluent pipe on this waste water treatment site. 
Heavy Metals
Two-sided t-test was performed to find if the heavy metal concentrations at the study locations are statistically different from each other or not. The null hypothesis (Ho) generated for this test is: There are no differences in the levels of metals, Cd and Pb, at the study locations. The null hypothesis was rejected as significant differences (p < 0.05) in the heavy metal concentrations were observed at all study locations with respect to the point source (Location 5) as shown in Table 2 , with the exception of Pb at the locations 2 (p = 0.14) and 3 (p = 0.07). Screening levels obtained from Delaware Department of Natural Resources and Environmental Control (DNREC), were used to determine the levels of contamination of pollutants of concern in a risk assessment process. For the purpose of this study, they are termed background values. These numbers came from the EPA Region III Biological Technical Assistance Group Screening Benchmarks. These are values which relate to the levels of Cd and Pb expected to be found in the estuary [20] , and the values were compared to the mean levels of metals actually found in this study (Table 3 ).
For Cd, the EPA Ambient Water Quality Criteria advises 7.9 µg/L as standards for aquatic ecosystem health considering continual exposure, meaning exposure over four days at this level would be severe enough to cause chronic effects at the population level [21] . This level was exceeded at all locations, with the exception of Location 5, which is the direct mouth of the waste water plant discharge and has a mean Cd level of 1.3 µg/L. In saline aquatic ecosystems, the chronic critical level of Ambient Water Quality Criteria for Pb is 5.6 µg/L, which, like Cd, is not to be exceeded more than four days in an average of once every 3 years [22] .
All locations continually had Pb levels above the recommended Ambient Water
Quality Criteria concentration; with the exception of location 5 which had a mean Pb of 5.1 µg/L. This shows that this effluent pipeline is not a source for lead and cadmium contamination in this water system. Background levels, as described above, for both freshwater and marine water systems are given in Table 3 due to the brackish nature of the study area.
Correlations between Water Quality Parameters and Heavy Metal Levels
As PCA analysis revealed that water samples had higher concentrations of salinity, TDS and pH, correlation studies were performed to check how these parameters will influence the levels of cadmium and lead in the water. Pearson correlation coefficient (R) was calculated and presented in Table 4 . Ho: There is no difference between levels of metals and salinity in solution. When Pb levels were tested in relation to salinity, a positive correlation of (R = 0.32) was observed for locations 1 and 2. There were no significant correlations found for the other study sites. Whereas, inverse relationships were observed for Cd levels and water salinity levels. These relationships were high in the study location1 (−0.80), loca- Although, there are no strong correlations for pH and heavy metals in this study, previous reports indicate the effect of pH on the adsorption and desorption of heavy metals in water systems [25] [26].
Precipitation Effects on Heavy Metals
Studies report runoff from roadside dust is one of the major contributors of [5] . Examining the levels of Cd and Pb at the study locations in relation to rainfall events has been detailed in Figure 6 (a) and Figure 6 (b) (Ho: There is no difference between levels of metals and precipitation levels). Direct relationships between rainfall and lead have been identified in locations 1 (R = 0.34) and 3 (R = 0.31). This shows there is a potential for these locations (situated directly at the north and south of the discharge) to have been affected by the precipitation entering the canal by way of runoff. No correlations were found for Cd in relation to rainfall events in this study.
Lower levels of Pb are seen in the data when rainfall levels are higher. The same result is found for Cd, but it was more pronounced for Cd (Figure 6 (a) and Figure 6(b) ). This is thought to be attributed to road dust sediment adsorption of metal ions in colloidal particles. Adsorption of the metal ions makes them less available in solution [27] , as shown by the graph data above. Therefore, it is observed the levels of heavy metals are highly dependent on the physical water quality and precipitation effects.
Salinity vs. heavy metals: Salinity recordings in relation to the heavy metal levels displayed an inverse correlation for locations 1, 3 and 4, where locations 1 and 3 are directly north and south of the discharge and location 4 is the control location (near the mouth of the Rehoboth Bay). These locations are further away from the discharge than the other locations (2 and 5), which may depict a relationship to the more natural ecosystem surrounding these locations, and the suspended salts in the waters may be capable of bonding with the positively charged metals ions suspended in the surrounding waters [27] . The relationship between salinity and metals is greater at location 1, which may be due to this location being situated spatially closest to the motor vehicle traffic bridge on Route 1, which crosses the tidal canal for motorists, and is subject to winter salting. Pb ions are denser than Cd ions, and as such, are more susceptible to sinking into the benthos more quickly. This explains why levels of Pb in relation to salinity are not shown to be variables which affect one another in this study. Rainfall vs. metals: Levels of metals in relation to rainfall events were also studied to consider the potential for roadside dust sediment (RDS) to exist with metals already adsorbed on land, as well as the potential for RDS to form colloids with metals in suspension once the dust reaches the aquatic ecosystem. Only locations 1 and 3 were found to show slightly positive correlations with rainfall events and levels of metals in this tidal canal. This is thought to be due to the ability of the banks of this canal to stabilize road dust sediment prior to runoff entering the waterway. The banks of this canal act as a strong catchment area, even with the nearby roadway crossing the canal as a major motor vehicle traffic route in this area.
Conclusion and Future Suggestions
The USEPA and NOAA departments in Delaware helped in identifying the 
